Eight fluorescent compounds containing a naphthotriazole moiety substituted at position 2 by a (vinylsulfonyl)aryl group or its precursors, containing hydroxyl or sulphonic groups or N-methylglycine, were prepared and characterized. The products were recovered in moderate yields after column chromatography or recrystallization and identified by proton and carbon nuclear magnetic resonance spectroscopy. Double resonance, heteronuclear multiple quantum coherence and heteronuclear multiple bond correlation experiments were carried out for complete assignment of proton and carbon signals. Absorption and emission spectra were obtained, in acetonitrile, for all the compounds and the fluorescence quantum yields determined. All compounds are promising fluorescent probes due to their high fluorescence quantum yields.
Introduction
Compounds containing the 1,2,3-triazole unit have attracted attention as intermediates for the synthesis of several products with industrial application, namely, fluorescent compounds used either as dyes [1] or as optical brighteners [2] . In particular, naphthotriazoles, have been used as fluorescent whiteners [3, 4] and show a potential as fluorescent markers [5] .
2 Sulphonated derivatives of 2H-naphthotriazoles are well-known in the textile industry [6] . In fact, dyes with a vinylsulfonyl group, or its precursors are useful for wool or cotton dyeing [7] [8] [9] since they react with a nucleophilic group of a fibre by α,β-addition. These compounds may form a reactive vinyl sulfone moiety by a β-elimination reaction.
Vinyl sulfones may be prepared by dehydration of the corresponding alcohols with mesyl chloride, in CH 2 Cl 2 and triethylamine. Our group published recently some results on the use of vinyl sulfones as Michael acceptors [10] . In general, dyes with vinylsulfonyl groups are applied in a protected form (e.g. as 2-sulfato-ethyl sulfones) which are stable in storing under standard conditions and the reactive vinylsulfonyl group (bonded to a chromophore) is formed in the dyeing bath. They were originally developed for the reactive dyeing of wool by Hoechst researchers [11] .
A water soluble secondary amine such as N-methyltaurine may be used to protect the vinylsulfonyl group (e.g. in Procilan E dyes from ICI). N-Methylglycine (sarcosine), an amino acid containing a secondary amino group, was developed as a reactive group [12] and it is assumed that the mechanism of fixation on the fibre is as described by Zollinger [13] and later improved by Lewis [14] , the reactive vinyl form is obtained from the sulphate derivative in "dye-bath" in basic medium. In the case of derivatives containing sarcosine the vinyl group is obtained in the dye-bath by action of acids [12] .
In the work described in this manuscript several derivatives containing a naphthotriazole moiety were synthesized and their fluorescence properties were evaluated.
Results and discussion

Synthesis
The compounds described contain a naphthotriazole moiety and various substituents at position 2 of the triazole ring ( Figure 1 ). The triazole ring is obtained in low overall yields by diazotization of an aniline derivative [15] and azo coupling of the diazonium salt with an aminonaphthalene derivative followed by oxidation with copper acetate in DMF or similar organic solvent at high temperature (Scheme 1) [6] . During the preparation of compound 1 from 2-aminonaphthalene, a mixture of three compounds was obtained. Chromatographic purification of this mixture gave compound 1 (49%) and the alcohol 2a (10%) which is explained by hydrolysis. In the 1 H-NMR of the crude mixture the characteristic pattern of the vinyl protons for compound 3, formed by elimination, could be observed. This third compound, however, was not isolated by chromatography, as it was present in trace amounts. by cyclisation of 4 with copper acetate in a mixture of pyridine and water.
The procedure described above [16] was also used to prepare vinyl compound 6 from alcohol 5 in 33% yield. benzenediazonium sodium salt and 2-aminonaphthalene-1-sulfonic acid followed by the addition of sarcosine, originated compound 7 (Scheme 2).
Compound 8 was obtained (55%) by addition of sarcosine to vinyl derivative 6.
The NMR data for all compounds were in accordance with the expected structures. Scheme 2. Synthesis of compound 7: 2-aminonaphthalene-1-sulfonic acid as secondary component (ipso-coupling).
Spectral data
The shape of absorption and emission spectra for all the compounds is very similar to the spectrum of compound 3 ( Figure 2 ∼380 nm for p-derivatives and ∼360 nm for m-derivatives. The q F of all substances under study is very high (Table 1) , nonetheless, there is a decrease of fluorescence quantum yield in the case of sarcosine derivatives.
Table 1
Absorption maxima (A max ), fluorescence maxima (F max ) and fluorescence quantum C signals in the NMR spectra. The IR spectra were recorded on a Perkin Elmer FTIR 1600. High-resolution mass spectra (EI) were obtained on an AutoSpec E spectrometer and ESI mass spectrum on a LC-MS Finnigan LXQ spectrometer. UV/vis spectral data were measured in acetonitrile solutions in 1-cm quartz cuvette. Absorption spectra were recorded using a Perkin-Elmer Lambda 35 spectrophotometer.
Fluorescence emission spectra were recorded using a Perkin-Elmer LS 55 spectrophotometer; excitation wavelength was 340 nm. Fluorescence emission spectra were corrected for characteristics of the emission monochromator and the photomultiplayer response. Fluorescence quantum yields q F of triazoles were referred to 1-aminonaphthalene as fluorescence standard (q F = 0.39 [17] ). TLC was carried out on plates coated with silica gel 60 F 254 . Column chromatography was performed on silica gel (230-400 mesh) with light petroleum-ethyl acetate mixtures of increasing polarity, unless other conditions are described. Light petroleum refers to the fraction boiling in the range 40-60 ºC.
General procedures for the synthesis of compounds 1, 2b, 5 and 7
Diazotization
To a solution of 2-[(4-aminophenyl)sulfonyl]ethyl hydrogen sulphate (5.7, 10 and 6 mmol for compounds 1, 2b,7, respectively) or 2-[(3-aminophenyl)sulfonyl]ethan-1-ol (6 mmol, for compound 5) in H 2 O (13.0 mL), concentrated HCl (2.8 mL; 25 mmol) was slowly added. The reaction mixture was cooled to 0-5°C and 5 M NaNO 2 (0.27 mL mmol -1 of substrate) was added dropwise; the mixture was stirred for 30 min. The excess HNO 2 (I 2 -starch test) was destroyed using amidosulfuric acid.
Azo coupling
To a solution of 2-aminonaphthalene (for compounds 1 and 5) (7 mmol) in H 2 O (10.0 mL), concentrated HCl (1.0 mL; 9 mmol) was added and the mixture heated for 10 min. After cooling, in an ice-acetone bath, the diazonium salt solution (2.2.1) was added dropwise, pH was adjusted to 5 using a 5 M NaOH solution, and the mixture stirred for 1 h. When the coupling was complete (H-acid test), pH was adjusted to 7, the precipitated dye was filtered off and used in the next step without drying.
For compound 2b to a solution of 3-aminonaphthalene-1-sulfonic acid (2.23 g; 10 mmol) in H 2 O (10 mL), 5 M NaOH (2.0 mL; 10 mmol) was added. After cooling in an ice-acetone bath, the diazonium salt solution was added dropwise and the work up procedure was the same as described above
Oxidation with copper acetate
To the above dye (2.2.2), pyridine (5.0 mL), H 2 O (2.0 mL) and Cu(OAc) 2 (2.5 g; 13.8 mmol) were added, the mixture was refluxed (15 min for compounds 1 and 2b; 30 min.
for compound 5) and poured into water. The precipitated solid was filtered off and dried. Recrystallization from hot ethanol afforded the final compound.
. 
3.3.Synthesis and characterization of compounds 1-8
2-{[4-(2H-
2-{4-[(2-Hydroxyethyl)sulfonyl]phenyl}-2H-naphtho[1,2-d][1,2,3]triazole-
2-[4-(Vinylsulfonyl)phenyl]-2H-naphtho[1,2-d][1,2,3]triazole (3)
To a dichloromethane (3. 335.0728. Found: (M) + 335.0725. 
2-{[3-(2H-Naphtho[1,2-d][1,2,3]triazol-2-yl)phenyl]sulfonyl}ethan-1-ol (5)
Yield
2-[3-(Vinylsulfonyl
To a dichloromethane (4.7 mL) solution of alcohol 5 (0.52 g; 1.47 mmol) maintained at 0 ºC, triethylamine (0.51 mL, 3.7 mmol) and mesyl chloride (0.14 mL;
1.8 mmol) were added and the mixture was stirred for 10 min. To a suspension of 2-aminonaphthalene-1-sulfonic acid (1.37 g; 6 mmol) in H 2 O (10.0 mL), 5 M NaOH (1.2 mL) was added. The solution obtained was cooled to 0-5 °C, and the diazonium salt solution (2.2.1) was added portionwise, keeping the temperature below 5 °C and pH 8 by addition of 5 M NaOH. The azo coupling was finished after ca 2 h (H-acid test) and pH of the reaction mixture was lowered to 4 with HCl. The azo dye formed was collected by filtration.
The moist dye was suspended in water (12 mL), sarcosine (0.71 g; 8 mmol) was added, and pH was adjusted to 8 by addition of 5 M NaOH. The mixture was heated at 60 °C for 2 h, then cooled to 5 °C, its pH was adjusted to 5 with HCl, the dye obtained was salted out by addition of 3 g NaCl and collected by filtration.
The filter cake was dissolved in pyridine (5.0 mL) and water (5.0 mL). Cupric acetate (2.5 g; 13.8 mmol) was added with stirring and the mixture was heated at 60 °C for 4 h. After cooling it was poured into 100 mL cold water and the precipitate was collected and dried at 30 °C. The crude product 7 was obtained in 94% yield (2.40 g 
